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FRILURE £NUSE A: LOSS OF BEAMENG AZTAINER MUT PRELQAD

THE SHAFI JOURWAL [$ PROTECTEN FROM COMTACT WITH THE SHAFT SEALING ELEHEMYS BY THE USE OF & MATING ATHG {1) FOR IHE
EWTERMEDRIATE BEML ARD A SHAFT SLEEWE {2} FOR JHE TLRAJHE SEALS. THE HWATIHE RING 12 AXIALLY REVAJHED, ALOHG WITH THE
THRER HEAT SHIELD (X3, LABYRINTH SEAL (i), DTVERTER AIMG (5), TURBINE FWD BEARING INNER MACES (£}, AUD SPACER (7} BY 1HE
[RETATHER NUT (B8). THE RKIAL WATING FACES OF THE MATING AING, THE IWNER REAT SNFELD AKD THE SNAFT SHOULDEA HWAVE
SIRINGENT FERPENDICLULARTTY RECVIREMEMTS TO PROCUCE & TIGET AXIAL STACK. THE THKEADS DM THE RETAIHEN WUC {8} AND SHAFT
{2 ARE ADLLED 10 DRAMLKNG REQUIREMEMTS FOR [MCREASED CLAMFING FORCE. [N ADDI TIOM TO THE COMPRESS(ON LOAG, SILVER
PLATING 15 UTTLI1EED O THE MATING FACES ©F THE FUNER NEAT SHIELS [1) AHD YHE IWMER ZHOULOER FALCE OF THE LABMIMTH SEAL -
{43 10 PREVENT LENYAGE UMDER THE LABYRINTH SEAL AND WATING RINE. RACIAL SEALING IS PROVIDED BY THE INTERFEREWCE FIT
REMYEEN PHE MATINE RIMG, LAAYNINTH BEAL, AMD BEANTHG 1MMEA RACES AGAINST THE SWAFT FILDIS. DAT-FILM LUARICATEOM 15
UTEL1ZEN DM THE SWAFT (2 AWD MPATEHE RING (1) Tor MIMIRIZE FREYVING AKD REDUCE FRICTEON OURING INSTALLATICH AND EEMOVAL
OF SHAFT COMPDMEMTS. THE REVAINER KUT FIMAL TORGUE 15 SPECIFAED Y DRAIIMG REAVIREMENFS (¥). LOCKS (101 ARE UTILIZED
Mo PREWEMT TRE RETAIMER HUT FAOM THREAD ©ISEHTAGEMENT ANIF ARE DFFORMED PER ASSEMBLY PROCEDURES TO ENSURE BEFELT-FREE

"TINSTALLATION €113 TRHE MATIHG RING ANO INMWER HEAT SR1ELD ARE MANUFACTURED UFNLIZING IGCCHEL T18 ARD ARE SOLUTEON NEM]

TREATEC AMD AGE-NAEDERED (1) (3). THEY ARE EKFOSED TO A NYDROGEW €AVIRUNMENT OLRING OFERATICH BUT DO MO1 REQULRE
FROTECTION FPON EMBAET TLEMEMT DUE 10 THEIR LA STRAIN APPLICAVIDN. 1HE DIVWERIER 15 HARUFACTURED UTILIZING MHCOLODY 903
AMD 'S SOLUMION NEAT TREATEG AND AGE-HARDEMED {%1. TNE SWAFT D& NANUFACTURED UTILETING LASPALDY AND [% SOLUTIONM HEAT
TREATED, STABILIZED, AND AGE-HAROEMED {2). THE ALLOT 15 WACLUM MELTED D MIMIMIZE 1MFURITY FRRMATIDN MD
TREREO-HECHNAHICALLY PEDCESSED FOA IWPROVED JIRFSR RUPILRE DUCTILITY {12). THE BEARINI RACES ARE WANUFAEMMED tH1L12TR0
L40C CHE3 AMD ARE AUSTENIZED, OUERCHED, AND CDUBLE COLD STARILAZED AKD TEMPERED FOR ADODITIONAL HAAGMESS AND DEMEWS[ONAL
'BIAHII.II'T‘. THE ALLOYT (% YACUUM WELTED (12). THE RETAINEA MUT AND LABYRINTH SEAL ARE MAMUFACTURED UTTLAZIWG K-PIINEL AKD
|SRE SOLUTEHDN HEAT TREATED AND AGE-HARDEAED (B) [€). 1HE GPACER 1S MANUFACTURED UTILIINNG A-TDd CRES MAD 18 SOLUTICN
[MEAT TREATED AHD AGE-HARDEMWER 7). THE LOCKS ARE MAWUFACTURED UTILIZING 02 CREZ ALD E3 AMMEALED FOR THIS BERG W)
AFFLITATION {#0). LEAKAGE PREVENTION [E SUPPLIER BY THE WUT COMPREESION WHICH PRODULES A SEAL BETWEEM FHE NAYTNG
COMPONENTS AMD 15 FUAINER EUHAMCED BY THE SILVER PLATIMG, INTENFERENCE PILOT FITS, AND CTHENSTONAL COMTROL AT TRE MATING
CARFALES.
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FAILURE CAUSE B: LOES OF |HTERMEDIATE SEAL BOLT FRELOAD |

THE IMTERMERIATE SEAL €13 HOUSING SEFMAATES THE JMTEAMAL OMYGEW CAMITY FROM THE SECOMDARY 1URBIME SEAL HOT-GAS CAVITY 11 REIOTII0
ARD PAOVIDES GASEDUS HELIIM TO THE JHTERMEDIATE SEAL RING EAFHENTS, THE HOUSING IB SECUNED TO FHE NRIN HOUSING (2}, (21 REODITIQ
ALDMG WITH AN OUMER NEAY SHIELR (3), BY 10 BOLTS &) ANT LOCKWMASPERS [51. WUTERHMAL LEAXKAGE |5 PREVENTED &Y THE mOLT (2] REODTTOZ
COMMAESS 108 WHICH PRODUCES & SEAL BETHEEN THE OXYLEW AND HOF-CAS DAVITIES. THE BOLY THREADS AAE DRY-FILM LUBRICATED (%) |r4) RSOOTANS
TO ALLOW FOUAL 4D DESPRIBUTION, AND FEUAY TUSVALLATION TOROUES ARE SRECIFEED (§). THE DDLTS ARE PFAEVEMVED FROM (5] RSCOTRTS
|DTSENGAGENENT ¥ THE USE DF LOCKHWSRERS WHICH ARE STAKED PER ASSEWBELY PROCEUURES TO EMSURE DEFECY-FREE INSTALLATION (41, REAOFN

[T}, THE OUIER HEAT SAPELY |5 FOS1FTONED BETMEEN THE MAIN HDUSING AMD THTEAPEDIATE SEAL NOUSIRG AMU ACTS AS A BASKET 10 (71 KLOAB14
SEAL AGAINST LEAKACE. THE DPSTAEAM AKD DOMMSTREAM FACES OF THE SHIELD ARE SILVER PLATED 10 COKPORM TO THE ADJACCMT
HH.I‘III.III SLRFACE FIHISHES (3h. STRICE PARALLELISN, FLATWESS, AND WANIRESS REQUIRENENTS ARE SPECIFLED OH TAE SEALIMG
SURFACEE T EMHANLCE THE SEAL NS FUNCTION (3}, THE RATIAE SURFACE OF THE INTERMEDIATE SEAL |5 GEOUMI TO A MICROFINISH
SURFACE FINTSH IO PREVEMT LEAKAGE {1). TRE SEAL ACUSING 15 FABRLCRIED LY TWO HALVES WHICE LOCK TOGETHER WITH
INTERLOEKTNE TANES. SALVER PLAREWD 3% UTILI2ED AT THE LOCKIMG FACE TO PREUVENT HELIUM LEAKAGE FROM TRE HOUSING ENTERMAL
CAVITY {13, THE IRTERMEDIATE SEAL HOUSING AND WATN HOUSTHG ARE MANUEACTURED UTILIZING INCOHEL 718 ARD ARE SDLUFION HEAT
TAEATED ANG AGE-HARDENED {1) [2). TNE HOUSINGS HAWE LIMIVED ENFOSUNE TO A AYDRODEN EHVIAONMEMT, BUT Do W01 REQUIRE
PAOTECTION FROM EMBRITFLEMEMT DUE 7O THEIR LOW STRAIM APPLICATION, THE QUTER HEAT SHIELG 15 MALUFACTURED UTILIZING
ANHEALED 321 CRES {33, THE HOLVE AND LOCKWASHERS ARE HANUFACIURED WTILIZNMG A-284 CRES, TYHE LOCKUASHERS ANE AMNEALED i
FOR THIE BENDING APPLICAYEOW, WHILE FWE BOLTS RRE SOLLITIOM HEAF TREMTED, COLD WORKED, AGED, AND IDLD WORXEG AGAIN TO
ACHIEWE ADDIT|OMAL STRERGTH €%) C3). LEAKAGE PREVEKTION 5 SUPFLIED BY THE BOLY COMPEESSEON, SILVER PLATING, SURFACE
FIHISH, AMD DIHEWSWOHAL EOUTROL AN THE MATIMG SURFACES.

€52 -8

AL CMISES:

[RCONEL T18, IHcolor 900, WASPALOY, W-WOMEL, 44CC CRES, A-204 CHES, 321 CACS, 302 CAES, AND SILYER PLATIHG BATESFY LoX 1) pSE-B5r-1
LOMPATERILIFY REAUTREMENIS (1}, TNE HARDMARE PANENT MATERLALS WERE CLEARED FOR FRACTURE HECHAMICS/HDE FLAM CRCHTH (2} HASA TASX 117
EIMCE THEY ARE MOP FRACTURE CRITLCAL PARTS, EXCEFT FOR THE SHAFT WMECH WAS CLEANED BY CRTTECAL IMITIAL FLMW S12E €3y PLOD53Z,
DEVECTARILINY, THE MAIN HOUSENG WHWICH WAS CLEAREG BY RISK AZSESSMENC (2). THESE PARTS HEEF CEl REQUIREMENTS FOR HIGH CPI20R00G3E
CYCLE AND (b CYELE FATICUE LIFE fOR THESE FAILUNE CAUSES (). WHE WIHIHUM FACTORS OF SAFETY FOR TUESE PARFS MEET CED (4} REE-B545- 18,
AEQUIREMENTS {4). REUSE OF PARTE OLRING GWERHMIL ARE COMTAOLLED BY THE REAUIREMENTS OF THE OVERHMUL SPECTFICATION (F]. Cri20r00030

(1) RLUODTS
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FAILURE CAUSE A: REO0770Y - SWAFT '(rs007 705
RSOOTTIS - NI REODTTS
REOOTTS - LOCK RSOOFTIS
REBDITAE - SPACER |R5007T45
RSDD7YAF - LABYRINTH SEAL AS0O7IR
RSDOTF40 - MATENG RING REDO75D
REN0TP4Y - SHHER HEAT SHIELD ' N5007941
[ASCOTO53 - DIVERTER A5007953
ASOO7955 - TUREAME END BEANING E007955

MATER1AL TMTEQE]TY HATERIAL JHIEGAITY 1% WERIFEED PER SPELIFLEATIOR AMD DRAMIUG REQUIREWEKTE. neOtZ0-013
' RENI&T- Dok
n50170-D51
RBOEZO-153
naDI70-154
RED170-162
[rBO170-104
Jesnazzis
RE0A7TIA
500745

PSE - d

SHAFT |3 SPIN TESIED PER DARMING REIUIREMERTS. ns007 TR

THE SHAFT, NUT, WATING RINE, IMKER WENT SHEELD, BEANTKO RACES, AWD DIVERTER DEF-FIUM [rA0112-003
LUNRICATTON 15 UERIFIED PER SPECIFICATION NECUIREMERTS.

SHAFY |5 U TWASCHIC INSPECYED PER SPECIFTCATION REQUIREMENTS. ' . RA0115 -012
LABTRINTH SEAL 15 LLTERSONIC [WSPECIED PER SPECIFICATION WEQUIREMENIE. ] NAOTY5 -0
JHEAF TREAT HEAT TWEAT 5 vERIFIEG PER SPECIFICATION AMD OAAWING REGUIREMENIE. LLYULAREY R

AA16T1-D0
[RS007 745
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LOCK ANHEALING 13 WERIFIED ¥E& DRAWING REUUIREMENTS.
THE LASYRINFN SEAL AHD FURER HEAT SHIELD S1LVER PLATENG [S VEREFIED RER DAAWING AWD
SPECIFICATION NEDUINEMENTS,

HUT, LOEK, HATIRG RING, MWD SHAFT DAY-FILH LUBRICATIOR 15 UEIIFIIED PER SPECIFTCATION
REQUFIREMENTE.

VERIF | PER DRAMIHMG REGUIREMERTS.

THE LABYAIMTH SEAL, MATIME RIWNG, EMNER AEAT SMIELD, AHD SHAFT SEALTREG SLIRFALE
FERPENDICULARITT IS5 WERIFLED PER DRAWING REUUIREMENTS.

JMATEAIAL ENIEGRITY |5 VERIFIED PER SPECIFICATION AHD HRAMING REQUAREHENTS.

HOUSIWG % LILJRASOWIC ARD PEKETAANT IHSPECTED PER EPECIFICATIIM REQUIREMENTS.
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RENGIPID
RENFRED
RENISF0

REQOINIY
RE00TH0
RSO0
REDOFFO]

RSDOTT29
RSUT77O2
(L1 0
|Rs007B95
RSU0793D

REDIM- 135
REDOTATS
RSMTATS
AsMrae

RATT45-012
RAO115-118

I
!




Juae D1, 1995 CRITICAL TIEHE L1ST FAE &

T T T T T T T T T T T T T - e - e o N A L e R A L A A R AR e e E Y YA E RN AR K m s e EE AR e o e mma o ms

| BIt 1TEM:  BiOD-12 INSPECTION AKD 1EST |
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| POSSTHLE CMISES | SIGNIFICANT CHARNCUERISTICS | INSRECTLONES 3/ TEST{R) | DOCURERT REF, |
_.._._.,.....,._..._.....,........,]....--...-....---------------------‘----a-—------------------------------a---a--1-—--.----.--.-.--..-..--.--.---.-.--.-..-.--.- """"““""“‘I“"""'"""""""'"- ———
INTERMEDIARE SEAL HOUSLNG AND BOLTS AAE PENETRANT ENSPECTED PER SPECIFICATION |RA0115-118
REQUIREHENTE.
HEAT TREAT HERT TAEAI 15 VERIFLED PER SPEC]FICATION RETUIREMENIS. |no0ki 020
|rAIAD-T14
|ra®1r0- 153
RAI7D- 154
RADITD- 155
| DUTER WEAT SNIELD AND LOCKWASHE® MAEALIAG 1% WERIFLEP PER CRAWEMG NEQUTRFHENTS, RE0077RZ
Liarli b
o
] BURFALE TINISN THE INTENMEDIANE SEAL ROUSING MATING SURFACE AKD THE UUTER KEAT SHIELD SILVER FLATIKE 1%  [MA1A07-D11
3 VERIFIED PER SPECLEICATION REQUEREMERTS,
n
=5 .
BOLT AND LUCKMASHER DRY-FILW LUBNICAFION |5 VERCFIED FER SPECIFICATION REQUIKEMENTS, |Aani1:-003
NSSEMALY LHTEGRITY SEAL LD SLEFALCE rllllﬁi,; FLASUESS, AND WAVIMESS APE IMSPECTED PER CRAWIKG RECLIREREMTS, AEDOTT2D
|asuotTaz
RELDTAD
|MAIK HOUSING UELCS 22 & 24 ARE HASS SPECTRGMETEA LEAM CNECKED PEA BPECHF LCNTIDH RAOTIS-116
REQUIREMERTS.
1
ALL CMISES: RSOGO - KPQTP RS0GTIO
ASSEMELY EMTEGHIEY AT AKD AUT THSYALLATION AMD TCROUE ARE VERIFIED PER DRAWING AKD EPECEFICATION REOOTTO
MEQLINEMENTE, RLODELS
LOCKMASHER AMD LOCK DEFORMATION IS VERIFIED PER DRAVIND AND SPECIFECATION REQUINEMENYS,  |R$007701
RLOGE 34
THE PUMP SUBASSEMELIEE ARE TNSPECTED DURIAG GVERHAUL FER SPECIFTCATION REQUIREMENMTS. ANLGDE7S |
IVSFECIIONS TRCIENE: VISUAL, ®[MENSIDNAL, PEMETRAMT, AMD REPLACEMENT DF USAGE ITEMS AS  JAAD113-11A
APPLICABLE, PER OVERHAUL CLASSIFICATION.
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| €IL 1TEM;  m&OD-12 | DESIGN | OCUMEMT AEF. !
THE COMPONENTS ARE VERTFIES CLEANED PER SPECIFICATION REQUIREMENTS. RLEORD
[UPERAT IOM/PERFONMANCE |3 WEAIFIER BY EWGINE NOT FIRE TESVING AKD 24D € & H 1HSPECTION, ALODO50 - 04 |
PLOD054 - 04
HLODO56-07
RLODG5Y
HFOTP WICAOSHATY TRAVEL |9 PERFCARED PRIOR TO EACK FLIGDT PEN SPECIFICATION REQUIAEMENRS. |RLAOESD-Dv
: OMRSD V4 1B50.04S
|FLe1034
OATA FRDM THE PREVIOUS FLLSAT OR NOT FIRE [$ REVIEVED FOR PROPER THRADUMP OPZRATEOM/ |HEFE PLN 1228 I
PERFONMRNCE.  {LAST TEST) |
I
FALLURE FISTORY: COMPRENEWSIVE FAILIRE KISTORY QATA I[5 MAIHTAIMED UM THE PhOBLEM REFORTINE DATANASE {PRAMI/PRACA].
REFERENCE: MASA LETTEN SA21/80/%18 AND ROCXETOYME LETTER BENCOPTE1. )
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HATH HOUSTHE RB0OTTZ 82 BTN
NATN HOUS 1HG k3002 43 Bl
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TABELE 1400,

FREA/ELL HELD JOINTE

HiG FRESSUME GXIDIZER TUMSOPUN

ADET CRITITAL INITIAL
BASIC NELD S10E WOT  FLAY BIZE NOT RETECTANLE
CONPDNERT PARTMD.  NELD HR. TYFE  fUASS  ACEEBS HEE Le¥ LOHNENTS
FLNGE RB00T736 bt 1L I | Y
FLARBE ROIIZIE ML M I ¥
FLANGE RE007 734 -6 B 1 Y
FLANGE REONI I3 19,20 BAN \
FLANGE REO#773b 1 s |
FLRNGE RENDTTH 22 EBN 1 X
FLAKBE AEN07T34 7 g 1]
FLANGE REOOTT34 0 w4l 1
FLANEE REOTT34 % 1 K
BELLD¥S REOOTIM 1,25, ot ] y
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PAGE 1 OF 2
GIL JVEMS: BADD-XH | _ wors PSR RSOOTFY
e L L L L L L L L E T R R T I T T g ey S
BASE LINE RATIOWALE | VAR [ANTE ] CHANGE RATIONALE [* VARTANT DASH HUMBER
e L R L e T T
1. BMB-02, BADO-03 SECOHD  |SECOND STAGE WOZILE CARTINGE |WDT [SOSTATIC FRESS IMCREATES STAUCTUAAL INTEGRITY §¥ REQUCING CASTING -121, -§31, -r4r, 154,
ATARE ROXPLE CAETINE 15 NOT HAVE MOT @€EM HO! 1SCSTATIC  |WICROFORDSLTY. =141, -tr1, =199, -1,
ISOSTATIC PRESSED PER DAAMIND |PRESSED =M1, 211, 22, -5,
REQUIREMENTS. {ECP 1K-2R40) |usE AS ES RATIOMALE: -241, -251, -281, -a,
: . =201, -30F, =317, -18%,
1. LEFE LIMIT oM WoM KOT ISOSTATIC PRESSED ZWD S1AGE ROXILES REDUCES =350, -IM, -4
PROBARILITT ©F LOW CYCLE FATIGUE CRACKING RESULTIMG FROM EXLESSIVE
HICROPURDEIFY. C(OAR 294T)
Z. A PENEIEMNT INSPECTION IHTENVAL WAS BEEN IHPOSEC OR WOM HDT 1305TATIC
PRESSED 2MD STRGE NOZILES TO VEAIFY MO CRACKIHG M ENCESY OF ALLOHABLE
LIHITE.  (PAR 2147}
2. B4O0-13, A400-22 BEARINGS ARE PROCESAED AND LOWG TERH FATIGUE LIFE ©F BEARING |5 ENTEROED BY REDUCING THE ALLOWELE SIZE AKD {-121, -131, -1, -15t,
PROCESSEC: MNO IMSPECTED PER  |INSPECTED PER SPECIFITATION  [GIMATIVY OF ALLWARLE DEFECTS, : -1, 10, -1, -,
SPECIFICATION REGLIREMEMTE REQUIREMENRTS (RLOOSSA), -2, -4, -211, -IN,
(RLODD1S].  LECP M9} JUSE AE IS5 FAT!OMALE) =21, -39, -281. -2,
-291, -3, -911, -33%,
1. WEAR LIFE LIMIT ON DEARNHGY PREVENTS WEAR FROM CRCEEDING NLLOWMILE -3R1, -3IM, 404, AW
LIMITY. (DAN 2054, DAR P02 -R21, -4, 44y, -E51,
-4 41
2. CONTIRUED WSE HITE ALLOWMALE DISCREPAMCIES 15 COMTROLLED PEN THE
WAIMTENAHCE COMTROL OOCUMENT REUUIREMENTE {PA£-270%).
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CIL ITEMS: B&00-NK |
BASE LINE RATTONALE | VAR IANCE
3. BAG0-21 HOUSING PETAILS |[HOUSIMG DETAILS HAWE NOT BEEM

ANE ULTRNSONIC LNSPECTEG PER |UI.'I'IH.EBI.III: INSPECTED PER
ORAVING AMD SFECIFICAYTION IIIIMHII[‘- ARD SPECIFICATION

RECIREMENIR. {ECP &HB0% |REQUIAE PEMTE.
£, B&D0-21 FITTIK] ASODTTZ7-059 TEE-FATTING 15
. |NATERIAL IHYECRITY I§ MAMUFACTURED FROM AIR MELT

VERIFIET PER SPECIFELRYIOH 321 cRES DAR (0D-5-TEX CLE
FECUIREMENTS {IACOMEL THE, COMD AD.
REDIID- 153,

b
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FIELD COHFIGURATION VAREANCES FROH CIL RATIDWALE

hPoTR
| CHAMGE RATIUNALE

THE ADDED WDt PROVIGES ADOED CONFIDENCE THAT THE CRITICAL FLAY 21ZE 1% DETECTEN
IW THE PAREWT MATERTAL OF THE HOUEING OETAILS.

USE A5 [5 RAFICHALE: -
1. HWOUEING DETAILS ARE ACCEPTABLE WITHOU1 ULIRASUMIC INSFECTION DUE T A

PENETRANT IWSPECTION OF JHE HOUSING QETAELE, TIE PEMEVRAMT PRSPECTION
[9 ADEQUATE VO BETECT CRITICAL IHITIAL FLAUS UNILH ARE THROUGH TRALKS.

INCOKEL T15 MATERIAL DOES MOT EXHIAIT IWCLUSION STRIMGERS WHICH ARE SUSCEPTABLE
T CHEMECAL ATTACK AHD MAY RESULT 1N LEAYAGE.

|UST AS 15 RATIOMALE:

{. FITFINGS ARE LEAK CHECKED FOLLOWING PNOOF PRESSUNE TEST PER RLIDST.

7, LOADS THOUCER BT FAHRICATION {WELDIHG AHD PROOF PRESSUNE TESTING) ARE

HIGMER THAW DPENATIOHAL LOADS AND EUFFICIENT TO SCREEM -O5¢ FITTINGS
FOR LEAKAEE.
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P/ REODFT
VAR AU DASH HUMBER

121, 131, -1, 16,
81, =171, 4181, -1,
201, -211, -281, -8,
261, -251, <261, 27,
s2¢, =301, -3, -331,
-351, -371, -501, 411
421, -§31, -&&1, -451,
481, K71, -4B1, 591,
-5M

-1M1, -t
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